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FOREWORD 


This Indian Standard (Part 3) (First Revision) was adopted by the Bureau of Indian Standards, after the draft 
finalized by the Nuclear Energy for Peaceful Applications Sectional Committee, had been approved by the 
Chemical Division Council. 

Uranium, radium, strontium (Sr), iodine ('*'I) and cesiurn (?’CS) are the radionuclides of importance in 
environmental radioactivity monitoring. Except uranium, other radionuclides in environmental samples are 
evaluated by separation and the radioactivity is measured by either of alpha, beta or gamma radiation, emitted by 
the radionuclides. 

This standard was first published in 1994 for measurement of uranium by fluorimetric method which is very 
sensitive compared to radiation measurement. Soil, food, water, soft tissues of fish and meat and air filters are the 
main environmental samples considered in this standard for estimation of uranium. 

In this revision, terminology given in the standard have been modified to align them with the terminology given in 
other parts of IS 14194. Alternate method for preparation of water sample has been prescribed. 

All laboratories shall be duly certified by Atomic Energy Regulatory Board, Govt of India for carrying out analysis 
or measurement of radioactivity in commodities. 


Composition of the committee responsible for formulation of this standard is given at Annex A. 
Part 1 Gross beta activity 
Part2 Gross alpha activity 
Part4 Radium 
Part5 Sampling 


The composition of the committee member significantly contributed for formulation of the standard is given in 
Annex A. 


In reporting the result of a test or analysis made in accordance with this standard, if the final value, observed or 
calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 “Rules for rounding off numerical 
values ( revised y. 
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Indian Standard 


RADIONUCLIDES IN ENVIRONMENTAL 
SAMPLES — METHOD OF ESTIMATION 


PART 3 URANIUM 


( First Revision ) 


1 SCOPE 


This standard prescribes method of estimation of 
uranium in environmental samples, such as air, water, 
soil, food, vegetables and soft tissues like meat and fish. 


NOTE — For uranium, WHO has set a limit of 30 gL" in 
drinking water. 


2 REFERENCES 


The standards listed below contain provisions which, 
through reference in this text, constitute provisions of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 


IS No. 
264 : 2005 
265 : 1993 
1070 : 1992 


Title 
Nitric acid (third revision) 
Hydrochloric acid (fourth revision) 


Reagent grade water — Specification 
(third revision) 


3 TERMINOLOGY 


For the purpose of this standard the following terms 
shall apply. 


3.1 Activity — The number of spontaneous nuclear 
transformations occurring in a given quantity of 
material during a suitably small interval of time divided 
by that interval of time. It is commonly expressed in 
Becquerel (Bq), formerly expressed in Curies. 


NOTE — Sometimes used to designate a quantity of 
radionuclide (also called disintegration rate). 


3.2 Nuclide — A species of atom characterized by its 
mass number, atomic number and nuclear energy state, 
provided that the mean life in that state is long enough 
to be observable. 


3.3 Radionuclide — An unstable form of a chemical 
element that radioactively decays, resulting in the 
emission of nuclear radiation. 


4 PRINCIPLE 


Uranium is leached from the dry ashed residue of 
environmental samples with nitric acid isolated 
by anion exchange column and is estimated by its 
fluorescence emission when fused with a mixture of 
sodium fluoride and sodium carbonate and excited with 
ultraviolet light. 


5 APPARATUS 


5.1 Uranium Fluorimeter, preferably, quantalase 
uranium analyser. 


5.2 Platinum Dishes (Planchets), to fit in the 
fluorimeter dish holder and having 1.3 cm dia, 0.4 cm 
depth and 0.4 mm thickness. 


5.3 Platinum Wire Gauge 

5.4 Fisher Burner 

5.5 Platinum Tipped Forceps 

5.6 Micropipette 0.5 ml 

5.7 Syringe 5 ml 

5.8 Ion-exchange Column 

5.9 Infrared Lamp, of maximum 500 W. 


5.10 Muffle Furnace, for ashing the samples. 
6 REAGENTS 


6.1 Reagent Grade Sodium Fluoride (NaF) and 
Sodium Carbonate (Na,CO,) 


It should be selected to have minimum blank reading in 
the fluorimeter. Mix the reagent grade sodium carbonate 
and sodium fluoride in the proportion of 85:15 and 
grind in an agate mortar. The mixture is homogenized 
in a bottle by shaking for about 3 h on a bottle shaker. 
100 mg of this mixture is used as flux in fusing uranium 
in the platinum dish. 
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6.2 Uranium Standard Solutions 


6.2.1 Solution A 


Prepare a stock solution of 500 ug/ml uranium by 
dissolving 58.9 mg of pure U,O, in 2 ml of nitric acid 
and evaporate to dryness. Dissolve the residue with 
a few drops of concentrated nitric acid and prepare 
100 ml solution in a standard flask using distilled water. 


6.2.2 Prepare 50 ug/ml (solution B) and 5 pg/ml 
(solution C) standard uranium solutions by diluting 
solution A with nitric acid. Store standard solution in 
polythene or polypropylene bottles. 


6.3 Anion Exchange Resin 


Dowex 1 x 4 (100-200 mesh) or Bio-Rad 1 x 4 
(100-200 mesh) (use 10 ml resin column conditioned 
with 200 ml of 7 N hydrochloric acid). 


6.4 Hydrochloric Acid, see IS 265. 
6.5 Nitric Acid, see IS 264. 
6.6 Distilled Water, see IS 1070. 


7 PREPARATION OF SAMPLES 


7.1 Soil, Vegetation and Food Materials 


Take 10 g of soil or ash of vegetation or food sample in 
a platinum dish (start another chemical blank analysis 
simultaneously) without sample. 


7.1.1 Fuse with the flux of four times the weight of 
the sample of sodium carbonate in a muffle furnace at 
900 °C. 


7.1.2 Cool and transfer the contents of the dish to a 
beaker with water. Wash the dish with 25 ml dilute 
nitric acid and add the content slowly with stirring to 
the beaker. Add about 75 ml more of nitric acid to the 
beaker, heat with stirring to near dryness. 


7.1.3 Add about 100 to 200 ml of 4 N nitric acid and 
stir well. Filter through Whatman 42 filter paper and 
collect the filtrate. 


7.1.4 Wash the residue on filter paper with 100 ml 
warm 2 N nitric acid followed by 100 ml of hot distilled 
water. Collect the filtrate washing along with filtrate 
washing as indicated in 7.1.3. 


7.1.5 Evaporate the filtrate to dryness. The residue 
should be white. 


7.1.6 Add 25 ml of dilute hydrochloric acid to the 
residue and evaporate to dryness. Repeat this two more 
times. 


7.1.7 Dissolve the residue in minimum of 
7 N hydrochloric acid (not more than 50 ml). 


7.2 Water 


7.2.1 Take 50 ml of water sample and evaporate 
to as small volume as possible (start a blank 
analysis simultaneously). Perform the wet digestion 
(HCIO, and HNO,) for removal of naturally occurring 
organic matter, which may interfere in the spectral 
analysis of uranium. 


7.2.2 Evaporate three or four times with 25 ml nitric 
acid. If silica is present, destroy it with hydrofluoric 
acid (HF) on Pt crucible/teflon beaker and convert all 
fluoride to nitrate using evaporation with 0.1 N dilute 
nitric acid. 


7.2.3 Dissolve the residue in 25 ml hydrochloric acid 
and evaporate to dryness. Repeat this two more times. 


7.2.4 Dissolve the residue in minimum amount of 
7 N hydrochloric acid (not more than 50 ml). 


7.3 Alternate Method for Water 


7.3.1 Take 10 ml aliquot of filtered water sample in 
duplicate for wet digestion (HCIO, and HNO,) to 
fuming on hot plates for removal of naturally occurring 
organic material in the sample, which may interfere in 
the spectral analysis of uranium. 


7.3.2 Residue is then dissolved in distilled water 
ultrapure water (distilled and demineralised, resistivity 
above 18.0 M Q at 25 °C followed by mixing with 
fluorescence reagent (5 percent sodium pyrophosphate) 
to make the total volume 25 ml and to adjust pH to 
7 levels by adding dilute (10 percent vol/vol) phosphoric 
acid solution drop wise. 


7.3.3 Take the sample solution into a cuvette for the 
measurement of U concentration. 


7.3.4 The concentration of uranium in samples using 
laser flourimeter shall be calculated by: 


V1 
Us ID = =p * ya 
where 
D1 = fluorescence due to sample only, 
D2= fluorescence due to sample and uranium 
standard spiked, 
V1= volume of U standard added, 
V2= volume of sample taken, and 
C= concentration of U standard solution. 


7.3.5 Calibratethe uranium fluorescence spectrometer 
in the range of 1-100 ugl* using a stock solution of 
standard prepared by dissolving 1.78 g of uranyl acetate 
dihydrate (CH,COO),UO,-2H,O) in 1 L of distilled 
water containing 1 ml of HNO, (70 percent pure). 


5 percent phosphoric acid in ultra-pure water is used as 
fluorescencere agent. 


7.3.6 To obtain blank counts, a blank sample containing 
same amount of fluorescing reagent was measured for 
U concentration. 


7.3.7 All the reagents used for experimental work 
should be of ultrapure/analytical or guaranteed 
(AG/GR) grade. 


7.4 Tissues of Fist, Meat and Bone 


7.4.1 Take minimum of 20 g sample (to produce 
10 g of ash) and dry ash the sample in a muffle furnace 
(start a blank analysis simultaneously) without sample. 


7.4.2 Weigh 10 g of ash into a beaker. Add 100 ml of 
nitric acid and evaporate slowly to dryness. Repeat 
with another 100 ml 0.1 N dilute nitric acid. The 
residue should be white, otherwise repeat heating with 
more nitric acid and (if silica is suspected to be present, 
destroy using hydrofluoric acid on Pt crucible/teflon 
beaker and convert all fluorides back to nitrates), in 
accordance with 7.2.2. 


7.4.3 Convert nitrate to chloride by repeated evaporation 
to dryness with hydrochloric acid in accordance with 
7.1.6. 


7.4.4 Dissolve the residue in minimum amount of 
7 N hydrochloric acid (not more than 50 ml). 


7.5 Air Filter 


7.5.1 Dry ash the filter in a platinum dish in a muffle 
furnace. 


7.5.2 Dissolve the ash in nitric acid and remove silica 
using hydrofluoric acid evaporate to dryness twice 
with 25 ml nitric acid. 7.5.3 Convert the residue to 
chlorides by evaporation to dryness (twice) with 
25 ml hydrochloric acid first with 25 ml concentrated 
HCl and subsequently by diluted HCl. 


7.5.4 Dissolve the residue in minimum amount of 
7 N hydrochloric acid (not more than 50 ml). 


8 PROCEDURE 


8.1 Separation of Uranium 


8.1.1 Prepare the anion exchange column conditioned 
by passing 200 ml of 7 N hydrochloric acid through the 
column. 


8.1.2 Pass the solution obtained in sample preparation 
(7.1.7, 7.2.4, 7.4.4 and 7.5.4) through the conditioned 
column at the rate of 1 ml/min. 


8.1.3 Wash the column with 200 ml of 7 N hydrochloric 
acid at 5 ml/min flow rate. Discard the effluent. 
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8.1.4 Elute the uranium with 200 ml of 1 N hydrochloric 
acid, collect the elute in a beaker and evaporate to 
dryness. 


8.1.5 Evaporate the elute thus obtained in with 5 ml 
nitric acid to dryness. 


8.1.6 Dissolve the residue in 2 to 3 ml of 6 N HNO,, 
cool, transfer to a 10 ml standard flask and make up the 
solution using distilled water. 


8.2 Estimation 


8.2.1 Switch on and allow the fluorimeter to warm up 
for 1 h before use. 


8.2.2 Prepare different uranium standards on the 
platinum planchets ranging from 1 ug to 100 ug 
uranium using standard solutions B and C. Prepare 
planchets in triplicate. 


8.2.3 Dry the standard solution on the planchet using 
infrared lamp and then flame them on fisher burner. 


8.2.4 Cool and add 100 mg of a mixture of sodium 
carbonate and sodium fluoride flux to each planchet 
containing standard and 3 blank planchets in addition. 
Use pelletiser for dispensing flux. 


8.2.5 Fuse the flux by keeping planchet over platinum 
gauge heated with a Fisher burner. The flame should be 
adjusted such that flux fuses within 30 s. 


8.2.6 After fusion keep it in molten condition for 30 s 
(with continuous heating at low flame of burner). 


8.2.7 Remove the burner cool by holding dish in air 
with platinum tipped forceps and keep it on the planchet 
tray and allow to cool completely. 


8.2.8 Place the 100 ug standard in the fluorimeter. 


8.2.9 Read all the standard and blank platinum 
planchets in the fluorimeter. Draw a calibration curve 
with concentration of uranium in X-axis and fluorimeter 
reading in the Y-axis. The blank flux reading should 
be deducted from the obtained for each respective 
standards. 


8.2.10 Calibration curve should cover the range of 
readings of the sample. For this purpose, check initially 
the sample reading by taking 0.2 ml of sample solution 
in a planchet, in accordance with 8.2.3 to 8.2.8 taking 
the instant reading and observing the range. 


8.2.11 Accordingly prepare a set of standards to get the 
readings in the range of sample reading and draw the 
calibration curve. 


8.2.12 Pipette out 0.2 ml of sample solution (see 8.1.6) 
to each of a set of four platinum planchets and evaporate 
to dryness under infrared lamp. 
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8.2.13 Add 50 ug standard to two of the planchets out 
of four and evaporate to dryness. This will serve as 
internal standard for any quench correction. 


8.2.14 Process these sample planchets in accordance 
with 8.2.3 to 8.2.7. Take the readings for and sample 
plus standard reading. Deduct the blank flux and 
chemical blanks and evaluate uranium concentration 
sample from the fluorimeter readings as given in 9. 


9 CALCULATION 


9.1 In Case of No Quenching of Fluorescence 


Evaluate the calibration factor ‘F’ as ug of 
uranium/litre per unit reading in the fluorimeter (from 
the slope of the calibration curve): 


Uranium concentration, in ug/l in the sample solution 
=(D-B)xF 
where 
D= fluorimeter reading for the sample; and 
B= reading for the flux background. 


From above and the quantity of sample taken for 
processing, calculate uranium content in the sample as 


ug/g or mg/kg. 


9.2 In Case of Quenching of Fluorescence 


Quenching effect can be detected from sample reading 
and sample plus added standard reading. If the later 
is not nearly equal to the sum of sample reading and 
reading for the standard, quenching is present. 
Uranium concentration in ug/l in the processed sample 
solution (C). 


D-B 
E-D 


x 


[Since, E-D is the quenched reading for the added 
quantity of standard (S) ug/1] 


where 
B= fluorimeter reading for the flux background; 


D= fluorimeter reading for the average sample 
reading; and 
E= the average of sample plus added standard 
[(S), ug/litre] evaluated’. 
From the concentration of uranium in the processed 
original sample solution calculate uranium in the 
sample as ug/g or mg/kg. 
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COMMITTEE COMPOSITION 


Organization 
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Ministry of Defence (DGQA), Pune 


Nuclear Power Corporation of India Ltd, Mumbai 
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Uranium Corporation of India Ltd, Jharkhand 


Min of Defence (Institute of Nuclear Medicine 
and Allied Sciences), New Delhi 


BIS Directorate General 


Representative(s) 


Dr SHaJU K. ALBERT (Chairman) 


SHRI S. K. PAWAR 


ADDITIONAL DIRECTOR (R £ D) HEAD, CHEMISTRY GROUP 


SHRI S. K. SAHU 
DR RAGHVENDRA TEWARI 


SHRI A. SUNDARARAJAN 
SHRI M. ARUN KUMAR (Alternate) 


DR GANESH G. 
SHRI PIYUSH SHRIVASTAVA 


DR PRADEEP NARAYAN 


Dr B. N. MURTHY 
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Dr M. P. RAMMOHAN 


SHRI D. SINGH 
Dr B. R. MISHRA (Alternate) 


DR B. VENKATARAMAN 
Dr K. SANKARAN (Alternate) 


SHRI VIKRAM SEHGAL 
SHRI ANIL PARAB (Alternate) 


Lr Co PANKAJ AHUJA 
Lr COL AMAN Sopul (Alternate) 


SHRI BHASKAR PANDIT 
DR R. JALALI 
DR A. K. SARANGI 


Dr ARUNA KAUSHIK 
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SHRI U. K. Das, SCIENTIST “E” AND HEAD (CHD) 
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